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ADAPTABLE BANDWIDTH RFID TAGS 
Field of the invention 

[0001] The present invention is related to the field of Radio Frequency IDentification 
(RFID) tags, and more specifically to tags able to adapt their reception bandwidth. 

Background 

[0002] Radio Frequency IDentification (RFID) tags can be used in many ways for 
locating and identifying objects that they are attached to. RFID tags are particularly 
useful in product-related and service-related industries for tracking large numbers of 
objects are being processed, inventoried, or handled. In such cases, an RFID tag is 
usually attached to individual items, or to their packages. 

[0003] In principle, RFID techniques entail using a device called an RFID reader to 
interrogate one or more RFID tags. Interrogation is performed by the reader transmitting 
a Radio Frequency (RF) wave. A tag that senses the interrogating RF wave responds by 
transmitting back another RF wave, a process known as backscatter. Backscatter may 
take place in a number of ways. The response may further encode a number stored 
internally in the tag. The response, and the number if available, is decoded by the reader, 
which thereby identifies, counts, or otherwise interacts with the associated item. The 
number can denote a serial number, a price, a date, a destination, other attribute(s), any 
combination of attributes, and so on. 
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[0004] An RFID tag typically includes an antenna system, a radio section, a logical 
section, and a memory. Advances in semiconductor technology have miniaturized the 
electronics so much that an RFID tag can generate the backscatter while powered by only 
the RF signal it receives, enabling some RFID tags to operate without a battery. 

[0005] A challenge in the operation of RFID systems arises from interference, when 
other RF signals are also transmitted in the vicinity at the same time. Interfering RF 
signals may be generated, for example, from nearby wireless devices such as other RFID 
readers, and also cellular telephones, personal digital assistants, and the like. In those 
instances, an RFID tag cannot detect the interrogating RF wave reliably, or parse its 
commands. 

[0006] When an RFID reader detects that there is interference, it may lower the data 
rate of its transmission. This will permit any RFID tags that receive the transmission to 
analyze it more robustly. 

[0007] The challenge, however, becomes that the RFID tags might not know the 
changed data rate of the transmission by the RFID reader. Accordingly, an RFID tag 
might not be able to discern the interrogating RF wave from interfering RF signals. If 
this happens, the RFID tag might not be able to analyze properly the interrogating RF 
wave for responding. 
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BRIEF SUMMARY 
[0008] The invention improves over the prior art. Briefly, the present invention 
provides RFID tags, tag circuits, and methods for adapting the reception bandwidth. A 
tag according to the invention has a decoder for decoding a first received wireless signal 
subject to a reception bandwidth setting. The tag also has a selector switch for 
transitioning to a different setting, such as by switching to using a different filter. A 
subsequently received second signal is decoded subject to the new reception bandwidth 
setting. 

[0009] The invention offers the advantage that the RFID tag will adapt to receiving data 
at a bandwidth that is best suited for the incoming transmission and the environment. 

[0010] These and other features and advantages of the invention will be better 
understood from the specification of the invention, which includes the following 
Detailed Description and accompanying Drawings. 
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BRIEF DESCRIPTION OF THE DRAWINGS 
[0011] The invention will become more readily apparent from the following Detailed 
Description, which proceeds with reference to the accompanying drawings, in which: 

FIG. 1 is a block diagram of an RFID system according to the invention. 

FIGS. 2A, 2B, 2C depict a waveform of an interrogating RF wave of FIG. 1 at 
three different data rates. 

FIG. 3 is a block diagram showing a group of components of an RFID tag of FIG. 
1 according to an embodiment of the invention. 

FIG. 4 is a conceptual state diagram illustrating the ability to control the reception 
bandwidth setting for decoding a wireless signal received in the RFED tag of FIG. 3 
according to the invention. 

FIG. 5 is a circuit schematic of a portion of a first circuit for implementing the 
choice of FIG. 4 according to the invention. 

FIG. 6 is a hybrid block diagram and circuit schematic of a second circuit for 
implementing the choice of FIG. 4 according to the invention. 

FIG. 7A is a block diagram showing a third circuit for implementing the choice of 

FIG. 4. 

FIG. 7B is a block diagram showing an alternate embodiment of the circuit of 
FIG. 7A. 

FIG. 8 is a flowchart illustrating a method according to an embodiment of the 
present invention. 
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FIG. 9A is an intensity- frequency diagram showing the power spectral densities 
of two RF signals that reach concurrently an antenna of the RFID tag in FIG.l. 

FIG. 9B is an intensity-frequency diagram showing the power spectral densities of 
the interfering signals of FIG. 9 A, as they emerge from an envelope detector of FIG. 3. 

FIG. 9C is an intensity- frequency diagram showing the power spectral densities of 
signals emerging from a filter(s) block of FIG. 3 in response to the signals of FIG. 9B, in 
the event that a first filter bandwidth choice is implemented. 

FIG. 9D is an intensity- frequency diagram showing the power spectral densities 
of signals emerging from a filter(s) block of FIG. 3 in response to the signals of FIG. 9B, 
in the event that a second filter bandwidth choice is implemented. 

FIG. 9E is an intensity- frequency diagram showing the power spectral densities of 
signals emerging from a filter(s) block of FIG. 3 in response to the signals of FIG. 9B, in 
the event that a third filter bandwidth choice is implemented. 
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DETAILED DESCRIPTION 
[0012] The present invention is now described. While it is disclosed in its preferred 

form, the specific embodiments of the invention as disclosed herein and illustrated in the 

drawings are not to be considered in a limiting sense. Rather, these embodiments are 

provided so that this disclosure will be thorough and complete, and will fully convey the 

scope of the invention to those skilled in the art. Indeed, it should be readily apparent in 

view of the present description that the invention may be modified in numerous ways. 

Among other things, the present invention may be embodied as devices, methods, 

software, and so on. 

[0013] Accordingly, the present invention may take the form of an entirely hardware 
embodiment, an entirely software embodiment or an embodiment combining software 
and hardware aspects. The following detailed description is, therefore, not to be taken in 
a limiting sense. 

[0014] Additionally, the present invention may be implemented in RFID tags that are 
capable of operating with or without a battery. 

[0015] As has been mentioned, the present invention provides tag circuits, and 
methods for adapting the receiving bandwidth, such as by switching to using a different 
filter. The invention is now described in more detail. 

[0016] FIGURE 1 is a diagram of an RFID system 100 according to the invention. An 
RFID reader 110 transmits an interrogating RF wave, which may be continuous. Two 
RF signals 1 12, 1 13 are shown as discontinuous to denote their possibly different 
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treatment, but that is only for illustration, but they may, in fact, be part of the same 
continuous signal. An RFID tag 120 in the vicinity of RFID reader 110 may sense the 
interrogating RF wave, and generate backscatter (not shown). RFID reader 110 senses 
and interprets any received backscatter. 

[0017] In the vicinity there is also interference, shown here in the form of RF wave 
122 from another other source (not shown). RF wave 122 arrives at tag 120 at the same 
time as intended interrogating signal 1 12. While RF wave 122 might not have the same 
carrier frequency as interrogating signal 1 12, it might have a close enough carrier 
frequency that generates a beat frequency with it. The beat frequency in turn interferes 
with reception, as will be seen below. 

[0018] FIGURES 2 A, 2B, 2C depict respectively sample waveforms 212-A, 212-B, 
212-C of interrogating RF signal 112 of FIGURE 1, at three different data rates. Sample 
waveforms 212-A, 212-B, 212-C are those of a preamble, which starts with four 
symbols for zero, then a prespecified symbol called a "violation", and then followed by 
another zero symbol. In all cases, the first low pulse has the same duration, of at least 
12.5 (asec, which is perceived at time Tl and can be measured. The remaining 
transitions, however, take place at the different data rates. For example, waveforms 
212-A, 212-B, 212-C could be taking place at 40, 80 and 160 kbps, respectively. 

[0019] FIGURE 3 is a block diagram showing a component group 320 of RFID tag 
120 of FIGURE 1 , according to an embodiment of the invention. It will be understood 



7 



EV310852187US IMPJ-0085 (033327-000071) 

that group 320 is part of a demodulator of tag 120, and that tag 320 has additional 
components. The blocks of group 320 may be implemented in any way known in the 
art, such as with analog or digital components, microprocessors, Application Specific 
Integrated Circuits (ASICs), and so on. 

[0020] An antenna signal AS is generated from an antenna (not shown) when it 
receives signal 1 12, and later signal 113. Antenna signal AS is input in an envelope 
detector block 340, which in turn outputs an envelope signal ES. 

[0021] A filter(s) block 350 receives envelope signal ES, and outputs filtered signal FS 
in response. Block 350 includes one or more filters, whose bandwidth may be 
adjustable according to arrow 334. 

[0022] A decoder 360 includes either a single decoder 360 or a group of decoders, as 
will be seen below. Decoder 360 receives analog filtered signal FS, and outputs a digital 
decoded signal DS for further processing. A reception bandwidth setting may be 
controllable, according to arrow 335. Additional possible embodiments of decoder 360 
are described later, with reference to FIGURE 7. 

[0023] Group 320 also includes a selector switch 333. Selector switch 333 controls 
the reception bandwidth setting of group 320, as will be described later with reference to 
FIGURE 4. Control can be by operating at different blocks according to the invention. 
In the embodiments of FIGURE 3, control is shown as operating either at filter(s) block 
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350 via arrow 334, or at block 360 via arrow 335. If the setting is adjusted after signal 
1 12 is decoded, then a later received signal such as signal 113 will be decoded 
differently than signal 1 12. 

[0024] In some embodiments of the invention, selector switch 333 is adapted to adjust 
the setting responsive to decoded signal DS. In one embodiment, decoder 360 generates 
a trigger signal TS from decoded signal DS, and selector switch 333 is adapted to be 
controlled from trigger signal TS. Naturally, whether trigger signal TS is provided or 
not, and its exact function, depend on the particular embodiment. In some instances, 
trigger signal TS is generated only when there is a decision to transition from one 
bandwidth to another. 

[0025] In the embodiment of FIGURE 3, group 320 also includes a reception 
bandwidth adjuster 380. Further, bandwidth adjuster 380 is adapted to control selector 
switch 333 responsive to trigger signal TS. Bandwidth adjuster 380 receives trigger 
signal TS, and generates control signal CS, with which it controls selector switch 333. 
In some embodiments, bandwidth adjuster 380 determines what setting to switch to. In 
other embodiments, bandwidth adjuster 380 also determines whether to transition to a 
different setting or not. 

[0026] In some embodiments of the invention, decoder 360 is adapted to compare 
decoded signal DS to a preset code 768. In those cases trigger signal TS is generated 
responsive to the comparison. The preset code may be a portion of a preamble, such as 
shown in FIGURES 2A, 2B, 2C. 
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[0027] The comparison and its result may be implemented in many ways according to 
the invention. In a number of embodiments, the selector switch transitions to a new 
setting if the decoded signal does not match the preset code. For example, the tag could 
be waiting for a preamble, and as long as it is not receiving it, it could try different 
settings. In some of those embodiments, the setting is changed if the decoded signal 
does not match the preset code after a preset time period. That time period could be, for 
example, two preamble durations or something equivalent. If a setting fails to give good 
results, another one can be tried, preferably with a lower bandwidth. 

[0028] In a number of other embodiments, the selector switch transitions to a new 
setting if the decoded signal matches the preset code. For example, with reference to 
FIGURES 2 A, 2B, 2C, if at time Tl it is determined that the first low pulse of a 
preamble has been received in any of three frequencies, then the setting could skip by 
default to the one with the highest bandwidth, and from there back track to lower 
bandwidths in an attempt to match the reader. In some embodiments, the tag could 
initially start at a setting with the lowest bandwidth, transition to the highest, and then 
end up backtracking again to the lowest bandwidth. 

[0029] In some embodiments, decoder 360 or another component of tag 120 may 
determine an active data rate of signal 112 that reader 1 10 is transmitting at. In a 
preferred embodiment decoder 360 encodes the active data rate in trigger signal, for use 
by adjuster 380. 
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[0030] The active data rate may be determined in any number of ways. In one 
embodiment, a bit period is determined between successively received symbols of the 
decoded first signal. For example, and again referring to FIGURES 2A, 2B, 2C, bit 
periods BP1, BP2, BP3 may be measured in respective waveforms 2 12- A, 212-B, 212- 
C, which in turn may yield the active data rate. In another embodiment, different 
preambles may become preassociated with different data rates by convention. In that 
case, the active data rate is determined from the identified preamble. In yet another 
embodiment of the invention, a DATA RATE command is implemented by convention, 
and could be used during transmission of signal 1 12 at a first data rate to warn of an 
impending change to transmitting at a second data rate for the following signal 1 13. In 
that case, the preset code is the DATA RATE command, and the decoded first signal is a 
DATA RATE command with an associated data rate instruction. In that case, the active 
data rate is determined from the instruction. 

[0031] All of these functions of decoder 360 may equivalently be performed in a 
distributed way, such as also by other components of tag 120. 

[0032] FIGURE 4 is a conceptual state diagram 400 for illustrating reception 
bandwidth choices according to the invention. Diagram 400 operates by analogizing 
from electrical concepts. 

[0033] Diagram 400 includes blocks 45 1 , . . . , 459, which represent different reception 
bandwidth choices for the filtering action performed in group 320. In an embodiment of 
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the invention, there are provided as many bandwidth choices as available data rates, but 
that is not necessary for practicing the invention. In other embodiments, diagram 400 
provides for bandwidth choices that are continuously tunable, at least over a range. 

[0034] Diagram 400 also includes a conceptual selector switch 433. Conceptual 
switch 433 controls which one of blocks 45 1, ... , 459 sets the reception bandwidth 
choice of group 320. The circuit can transition from one bandwidth to another by switch 
433 changing which block it points to. 

[0035] The conceptual state diagram of FIGURE 4 may be embodied in a number of 
ways. Examples are described immediately below. 

[0036] In one group of embodiments, a single filter may be used, where the selector 
switch adjusts its bandwidth. The filter may be passive or active. The bandwidth may 
be adjustable continuously over a range, or adjusted to discrete values. The latter may 
be implemented by switching on and off additional components, such as in the example 
below. 

[0037] FIGURE 5 is a circuit schematic of a first filter circuit 520, which is a portion 
of filter(s) block 350 of group 320 in FIGURE 3. Circuit 520 implements a filter that 
receives envelope signal ES, and outputs filtered signal FS. Two control signals CS1, 
CS2 operate selector switches 533A, 533B, respectively, to switch on and off additional 
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[0038] Beyond the example of FIGURE 5, the filter may include at least two of a 
resistance, a capacitance and an inductance, or even all three. At least one of the 
included resistance, the capacitance and the inductance can be switched on and off. In 
1 other embodiments, the filter includes a resonator such as made from a cavity, a crystal, 
and so on. In yet other embodiments, the filter may be made from a capacitor and a 
switch that is switched at a variable rate. In other embodiments, a Surface Acoustic 
Wave (SAW) implementation may be used, and so on. 

[0039] In another group of embodiments, multiple filters may be placed in possible 
paths of the received signal. The selector switch routes the received first and second 
signals through different ones of the paths. 

[0040] FIGURE 6 is a hybrid block diagram and circuit schematic of a second filter 
circuit 620, which is an alternate portion of filter(s) block 350 of group 320 in FIGURE 
3. Circuit 620 implements a filter that receives envelope signal ES, and outputs filtered 
signal FS. Multiple filters 651, 652, 653 are placed in possible paths of envelope signal 
ES, and selector switches 633A, 633B transition the circuit to a different bandwidth by 
routing envelope signal ES to be filtered through a different path. Selector switches 
633A, 633B operate according to control signals CSA, CSB, and therefore control the 
overall bandwidth of filter circuit 620. 
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[0041] In another group of embodiments, filtering takes place according to different 
bandwidths to produce differently filtered signals, and then the selector switch selects 
one of the filtered signals. Such embodiments are described immediately below. 

[0042] FIGURE 7A is a block diagram 720-A showing a filter(s) block 750 and a 
decoder 760-A, both analogous to filter(s) block 350 and decoder 360 of group 320 in 
FIGURE 3. Filter(s) block 750 includes individual filters 751, 752, 753 of different 
bandwidths. These filters 751, 752, 753 all receive envelope signal ES, and in response 
the output individual filtered signals FS1, FS2, FS3 respectively. A selector switch 734 
is controlled by control signal CS, and selects which one of individual filtered signals 
FS1, FS2, FS3 will become the filtered signal FS. In another embodiment, selector 
switch 734 is not provided separately from filter(s) block 750, but as part of it." In all 
these embodiments, control signal CS is directed to selector switch 733. 

[0043] It should be noted that in the embodiment of FIGURE 7, selector switch 734 is 
placed after filters 751, 752, 753. That is preferred for the actual embodiments, as it 
permits all filters 751, 752, 753 some additional settling time, which in turn will result in 
more reliable filtered signals FS1, FS2, FS3 to choose from. It is an equivalent 
embodiment of the invention, however, to have selector switch 734 placed before filters 
751,752, 753. 

[0044] In the embodiment of FIGURE 7 A, decoder 760-A includes a detection 
decision maker 764- A for generating a digital signal MS from filtered signal FS. 
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Detection decision maker 764-A preferably includes a comparator for generating digital 
signals having high (H) and low (L) values from analog signals. Decoder 760-A also 
includes an interpreter 766-A, for outputting decoded signal DS from digital signal MS. 

[0045] FIGURE 7B is a block diagram 720-B showing filter(s) block 750 and a 
decoder 760-B, both analogous to filter(s) block 350 and decoder 360 of group 320 in 
FIGURE 3. In fact, filter(s) block 750 is identical to what is shown in group 720-A, and 
outputs individual filtered signals FS1, FS2, FS3. 

[0046] In the embodiment of FIGURE 7B, decoder 760-B includes a group 764-B of 
detection decision makers 761, 762, 763, each one of which is made similarly to 
detection decision maker 764 of FIGURE 7 A. Detection decision makers 761, 762, 763 
generate respective digital signals MSI, MS2, MS3 from outputs individual filtered 
signals FS1,FS2, FS3. 

[0047] A selector switch 735 is located such that it selects which one of digital signals 
MSI, MS2, MS3 will be chosen to become signal MS. In another embodiment, selector 
switch 735 is not provided separately from block 764-B, but as part of it. 

[0048] Decoder 760-B also includes interpreter 766-A, similar to what was described 
for group 720-A above. Interpreter 766-A outputs decoded signal DS from digital signal 
MS. In other embodiments, three interpreters are provided, and the output of one is 
chosen, and so on. 
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[0049] FIGURE 8 is flowchart 800 illustrating a method according to an embodiment 
of the invention. The method of flowchart 800 may be practiced by different 
embodiments of the invention, including but not limited to RFID tag 120, an RFID tag 
that includes component groups 320, 520, 620, 720-A, and 720-B. 

[0050] At block 810, a reception bandwidth setting is provided. This may be 
implemented as a setting from the factory, or as a setting programmed to take place at 
power on. The setting provided at this block becomes the current setting, unless and 
until it is changed. The remainder of the blocks of flowchart 800 may be performed at 
this or at another setting. 

[0051] At next block 820, a signal is received. This may be an RF wireless signal, 
such as from a reader, or a signal generated in response to receiving an RF wireless 
signal at a different part of a circuit. 

[0052] At next block 830, the received signal is filtered. This may take place after an 
envelope signal has been extracted from the received signal. It may take place only 
once, subject to the current reception bandwidth setting, or a number of times, with one 
of the signals to be selected later on. 

[0053] At next block 840, the signal is decoded subject to the current reception 
bandwidth setting. This may take place after the signal has been filtered. As per the 
above, decoding may take place only once, from a signal filtered and/or selected 
according to the current reception bandwidth setting. Alternately, decoding may be 
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performed on a number of filtered signals, and then selecting one of them may be 
performed according to the current reception bandwidth setting, before or after 
interpreting. 

[0054] At next block 850, it is determined whether to transition to a new reception 
bandwidth setting, such as to one of the settings shown in FIGURE 4. In some 
embodiments, the decision is made according to the signal decoded at the current 
setting, at block 840 above. In some embodiments, transitioning is performed 
responsive to the decoded signal. 

[0055] The decision may be made by comparing the decoded signal with a preset 
code, such as code 768 in FIGURES 7A and 7B. In some embodiments, code 768 is at 
least a portion of a preamble. Then, determining whether to transition or not to the 
second setting depends on the comparison. 

[0056] If, at block 850, it is determined to not transition, execution returns to block 
820. Then another signal or portion of a signal is received, and processed at the same . 
current setting without transitioning, as per the above. 

[0057] In some embodiments, it is determined to transition if the decoded signal does 
not match the preset code, at the comparison of block 850. In other words, the RFED tag 
does not recognize what it receives at the current setting, and will attempt a new 
bandwidth setting. In some of those embodiments, the tag will listen (or "dwell") at the 
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[0058] In other embodiments, it is determined to transition if the decoded signal 
matches the preset code, at the comparison of block 850. For example, referring to 
FIGURES 2 A, 2B, 2C, at time Tl, the preset code that is matched is that of the 
beginning of a number of preambles. From then on, it may be determined to transition 
anyway. 

[0059] If, at block 850, it is determined to transition, at optional next block 860, it is 
determined what new setting to transition to. In some instances, a plurality of reception 
bandwidth settings are provided, each of which corresponds to a different reception 
bandwidth. In some of those instances, the bandwidths are continuous. The choice is 
made according to the bandwidth. 

[0060] In some embodiments, the new setting is the one with the largest bandwidth. 
For example, referring to FIGURES 2 A, 2B, 2C, listening until time Tl for the 
beginning of the preambles could be done at a fixed bandwidth, such as approximately 
50kHz. Then, at detection, the new setting may be by default the one with the highest 
bandwidth. 

[0061] In other embodiments, the new setting depends on the current setting. For 
example, the new setting can be the one that incrementally diminishes the bandwidth. If 
discrete bandwidth options are provided, then decreasing is to the step with the next 
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smaller option, and so on. In that case, the RFH) tag can sequentially diminish the 
bandwidth, until it reaches the lowest value. In some of those embodiments, the RFID 
tag can start from the highest value. 

[0062] In yet other embodiments, an active data rate of the transmission is determined 
from the decoded signal. Then there need not be a sequential trying, but the new setting 
can be the one with the bandwidth that best fits the active data rate. 

[0063] The active data rate of the transmission may be determined in a number of 
ways. In one embodiment, the active data rate is determined by determining a bit period 
between successively received symbols of the decoded signal. In another embodiment, 
the decoded signal is a preamble that has a preassociated data rate, and the active data 
rate is determined from the preassociated data rate. In yet another embodiment, the 
decoded first signal is a DATA RATE command, which is followed by an associated 
data rate instruction. A DATA RATE command may be agreed upon by convention. 
The active data rate is determined from the instruction. 

[0064] At optional next block 870, there is transitioning to the next decided setting. 
Transitioning may be accomplished in a number of ways, such as by adjusting a 
bandwidth of a filter, or by changing a path of the received signal. The signal path may 
include a first filter, and switching may route the following signal through a second 
filter, and so on. 
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[0065] Execution then returns to block 820. Then another signal or portion of a signal 
is received, and processed at the new setting, as per the above. 



[0066] The effects and benefit of switching reception bandwidth settings are now 
described. 

[0067] FIGURE 9A is an intensity- frequency diagram showing the power spectral 
densities of two RF signals that reach concurrently an antenna of the RFID tag in 
FIGURE 1. Signal 1 12 has a carrier SI 12, with the remainder of its signal distributed 
around it, while signal 122 has a carrier SI 22. It is assumed for simplicity of this 
description that signal 122 is only the carrier, although that need not be the case. 
Together, these signals form antenna signal AS. 

[0068] FIGURE 9B is an intensity- frequency diagram showing the power spectral 
densities of the interfering signals of FIGURE 9 A, as they emerge from an envelope 
detector of FIGURE 3. It will be understood that the drawing is not necessarily to scale 
along the vertical axis, because of attenuation, any amplifying and so on. Signal 122 
survives as the carrier SI 12 and the signal around it, and is also replicated around a DC 
frequency carrier SO. Carrier SI 22 emerges, as well. In addition, interference also 
produces a difference beat frequency SD1 by subtraction, and a sum beat frequency SSI 
by addition of carriers SI 12, S 122. Furthermore, each one of difference beat frequency 
SD1 and sum beat frequency SSI has signal around it. All these signals form envelope 
signal ES. 
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[0069] Filtering the signal is advantageously performed around DC frequency carrier 
SO. This is preferred, because only a low pass filter need be employed, instead of a 
bandpass filter. Three choices are shown below, corresponding to successive settings of 
decreasing bandwidths. 

[0070] FIGURE 9C is an intensity-frequency diagram showing the power spectral 
densities of signals emerging from a filter(s) block of FIGURE 3 in response to the 
signals of FIGURE 9B. A first filter bandwidth choice 95 1 is implemented. It will be 
noted that filtered signal FS1 includes the desired component FS0, but also difference 
beat frequency SD1 and the signal around it. It will be further noted that all other 
signals have been rejected. 

[0071] FIGURE 9D is an intensity-frequency diagram showing the power spectral 
densities of signals emerging from a filter(s) block of FIGURE 3 in response to the 
signals of FIGURE 9B. A second filter bandwidth choice 952 is implemented. It will 
be noted that filtered signal FS2 is even more successful than filtered signal FS1, in that 
a portion of the signal around difference beat frequency SD1 is also rejected. 

[0072] FIGURE 9E is an intensity-frequency diagram showing the power spectral 
densities of signals emerging from a filter(s) block of FIGURE 3 in response to the 
signals of FIGURE 9B. A third filter bandwidth choice 953 is implemented. It will be 
noted that filtered signal FS3 is even more successful than filtered signal FS2, all signal 
around difference beat frequency SD1 is rejected. 
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[0073] Numerous details have been set forth in this description, which is to be taken as 
a whole, to provide a more thorough understanding of the invention. In other instances, 
well-known features have not been described in detail, so as to not obscure 
unnecessarily the invention. 

[0074] The invention includes combinations and subcombinations of the various 
elements, features, functions and/or properties disclosed herein. The following claims 
define certain combinations and subcombinations, which are regarded as novel and non- 
obvious. Additional claims for other combinations and subcombinations of features, 
functions, elements and/or properties may be presented in this or a related document. 
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